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Thermodecomposition of o-benzoquinone complexes of transition metals
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Thermodecomposition of 3,5- and 3,6-di-fert-butyl-o-benzoquinone complexes of Cu,
Fe, Co, Cr, Mo, and W has been investigated in the solid phase by the thermogravimetric
method. The relative stability of a series of complexes has been determined from the
temperatures at which their decomposition begins. Detachment of a neutral electron-donor
ligand takes place in the first stage. Detachment of an o-quinone ligand and decomposition
of the o-benzoquinone formed occur in the next stage. Thermodecomposition of Fe, Co, Cr,
Mo, and W complexes gives oxides or carbides, while copper complexes decompose to pure

metal.
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The thermodecomposition of o-quinone homo- and
hetero ligand complexes with metals of groups IlI,
IV, V, and VI, lanthanoids, and copper,!:2 which makes
it possible to obtain metallic, metalloxide and carbide
coatings, is of significant interest.

The thermostability of such complexes varies de-
pending on the nature of the o-quinone and the metal
and lies in the interval 100—300 °C. Complexes of
3,5-and 3,6-di-rert-butylbenzoquinones are the most sta-
ble. The composition of the thermodestruction products
is determined mostly by the decomposition temperature
of the complex.2 Decomposition of the pyridine—o-
quinone—copper complex in an o-xylene solution at
130—165 °C proceeds with the formation of pyridine,
copper powder, and 3,5-di-fert-butylbenzoquinone,
which, yields 3,5-di-fert-butylpyrocatechol and other
products of quinone degradation free of carbonyl under
the reaction conditions.3 In the authors' opinion the
mechanism of thermodecomposition involves the con-
secutive elimination of pyridine and o-quinone ligands

Table 1. Thermogravimetric analysis data

with the intermediate formation of copper catecholate,
which is less stable than the initial complex. In the
products of decomposition of the tris(semiquino-
ne)chromium complex, the metal, isobutylene, and a
mixture of pyrocatechols were found.2

In the present work the solid-phase thermodecom-
position of 3,5- and 3,6-0-quinone complexes of Cu,
Fe, Co, Cr, Mo, and W was studied by the ther-
mogravimetric method. Table 1 lists the temperatures of
the initiation of decomposition T}, the temperatures of
the maximum decomposition rate 7y, 7T,, T3, mass
losses in first step My, final mass losses My, and theo-
retical predictions of mass losses assuming decomposi-
tion of the complex yields metal and metal oxide. As
follows from Table 1, the temperatures of the initiation
of decomposition lie in the interval 100—200 °C. The
presence of several peaks on the DTG curves points to a
multistep decomposition. For the hetero ligand com-
plexes, the mass loss in the first step usually corresponds
to the mass of a neutral donor ligand. Comparison of the

Compound TQ Tl T2 T3 MI Mf Mmet Mox
[Cu(3,5-DBCat) - Py], 90 120 210 295 25.0 82 82 78
Cu(3,6-DBSQ), - Py 90 115 200 310 23.1 91 89 86
[Cu(3,5-DBCat) - Dipyl, 160 180 220 440 38.0 87 85 82
Cu(3,5-DBCat) - Et;N-EtOH 75 100 170 280 19.0 79 83 79
Fe(3,6-DBSQ), * Dipy 210 250 340 56.0 87 91 38
Cu(3,5-DBSQ), 100 185 240 345 84 87 84
Fe(3,6-DBSQ); 150 220 330 54 92 89
Mo(3,5-DBSQ); 200 280 470 82 87 84
Co(3,6-DBSQ), 130 200 310 370 80 88 83
W(3,5-DBS8Q); 225 280 485 75 78 75
Cr(3,5-DBSQ); 200 235 330 84 92 89
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values of the final mass losses with those theoretically
predicted (assuming the decomposition products are
metals or metal oxides) shows that copper is the product
of the decomposition of the copper complex and metal
oxides or carbides are the products in case of the other
complexes (see Ref. 4). Taking the temperature of the
initiation of decomposition as the thermostability pa-
rameter, all of the o-semiquinone metal complexes can
be arranged in the following order {see Ref. 2): Cu < Co
< Fe < Cr< Mo <W.

Thermodecomposition of copper 3,5-di-fert-butyl-
catecholate [Cu(3,5-DBCat) * Py], proceeds in three
stages, each having the following parameters: tempera-
ture interval (70—150, 150—280, and 280—350 °C, re-
spectively); maximum decomposition rate (120, 210,
and 300 °C, respectively); mass losses (25, 55, and 2 %,
respectively) (Fig. 1). In the third stage at 305 °C, an
exo-effect is observed on the DTG curve. The first and
second thermodecomposition stages are not observed in
this curve or have a slight endo-effect. The kinetic
parameters of the process were determined by Free-
man—Carol's method and by taking the double loga-
rithm.5 The first step of the thermodecomposition of
o-quinone complexes follows zero-order kinetics and
the second step follows first-order kinetics.

Solid-phase decomposition of [Cu(3,5-DBCat) - Py,
(1) in evacuated ampules at 70, 150, 210, and 300 °C
with freezing-out of the volatile products was used to
investigate the thermodecomposition products. The re-
sults of GLC analysis of the products that escaped the
heating zone are listed in Table 2. As can be seen, at

m (%)

1 ! 1

100 200 300 T/°C

Fig. 1. The derivatographic curve of [Cu(3,5-DBCat) - Pyl,,
heating rate 6 deg+ min™!,

Table 2. The composition of the products of thermodecay
(in moles per mole of the complex)

7/°C t/h  Qui- Pyridine Tolu- Iso- Pyro-  Phenol

none ene  butylene catechol
70 2 — 0.07 0.21 — —_ —
150 2 Traces 0.83 0.24 — — —
210 2 017 096 0.24 0.25 Traces Traces
300 2 013 074 021 0.44  Traces Traces
420 1 0.01 089 025 Traces Traces
460 1 005 1.00 0.30 Traces Traces

70 °C toluene is eliminated and elimination of pyridine
starts. Toluene was used as the solvent for the synthesis
of the complex and seems to be incorporated in the
crystalline lattice of the complex. The yield of toluene is
0.2—0.3 mole per mole of starting compound. The IR
spectrum of the solid residue coincides with that of the
starting compound.

Complete elimination of pyridine and toluene occurs
at 150 °C, which corresponds to the TGA data. 3,5-Di-
tert-butylbenzoquinone is detected in trace amounts. No
metallic copper was formed, which suggests the forma-
tion of Cu(3,5-DBCat). The IR spectrum of the solid
residue contains bands characteristic of Cu(3,5-DBCat).§
The zero-order kinetics of this stage may testify that
there are no basic skeletal changes in the complex.” Like
the majority of 3,5-disubstituted quinone metal com-
plexes, Cu(3,5-DBCat) is associated. The temperature
of complex destruction is above 150 °C, which coin-
cides with the temperature given® for Cu(3,5-DBCat).
Thus, when the initial complex is heated at 150 °C for
2 h, the copper catecholate complex can be obtained in
a good yield. This complex is fairly difficult to obtain in
a pure form by other methods.

Complete decomposition of copper complexes oc-
curs at 210 °C over 2 h, which is confirmed by calcu-
lations using rate constants obtained by thermogravimetry.
After 2 h the degree of conversion of 1 is 99 %.

As can be seen from Table 2, thermodecomposition
of 1 at 210 °C yields 0.2 mole of 3,5-di-fert-butylben-
zoquinone. At this step, even a slight deviation of tem-
perature from 210 °C results in a drastic increase or
decrease in the yield of quinone due to its decomposi-
tion. The decomposition products contain traces of
2,4-di-tert-butylphenol and 3,5-di-tert-butylpyrocatechol.
The gas phase contains 0.25 mole of isobutylene. The
solid residue contains 0.9 mole of metallic copper, which
forms a mirror on the walls of the ampule and is also
mixed with tar. GLC analysis revealed that this tar
contains small amounts of 3,5-di-fert-butylbenzoquinone,
3,5-di-tert-butylpyrocatechol, and a number of uniden-
tified products. The IR spectrum of a tar extract con-
tains bands at 3480 and 3550 cm™! due to OH groups
linked with an aromatic ring, and bands at 1730 and
1765 cm™! due to carbonyls bound with an oxygen-
containing cycle. The formation of isobutylene and
3,5-di-tert-butylpyrocatechol is caused by decomposition
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of 3,5-di-tert-butylbenzoquinone at 210 °C, which has
been shown in a separate experiment. However, 2,4-di-
tert-butylphenol and carbonyl-containing products with
IR bands at 1730 and 1765 cm™! are absent from the
quinone thermodecomposition products. The formation
of 2,4-di-tert-butylphenol during thermodestruction of 1
shows that under the decomposition conditions redox
disproportionation of o-quinone catalyzed by the copper
complex occurs along with its destruction. The same
reactions may be responsible for the formation of lactone-
like products having IR bands at 1730 and 1765 cm™!
similar to those obtained earlier.8:?

The reaction at 300 °C gives the same products with
a higher yield of isobutylene. X-ray analysis of the solid
residue showed that it contains metallic copper without
any admixtures of copper oxide or carbide. The exo-
effect on the DTA curve is caused by the sublimation of
tar at this temperature.

The data obtained allows us to propose the following
mechanism of thermodestruction of o-quinone metal
complexes. The first step, in the case of hetero ligand
complexes, is the elimination of a neutral electron-
donor ligand, the second step is the elimination of an
o-quinone ligand and the destruction of the o-quinone
formed. Thermodecomposition of Fe, Co, Cr, Mo, and
W complexes yields oxides or carbides, and copper
complexes give metallic copper.

References

1. A. V. Lobanov, G. A. Abakumov, and G. A. Razuvaev,
Dokl. Akad. Nauk SSSR, 1977, 235, 824 [Dokl. Chem., 1986,
235 (Engl. Transl.)].

2.A. V. Lobanov, Ph. D. Thesis (Chem.), Gor'ky State Uni-

versity, Gor'ky, 1987, (in Russian).

.N. V. Balakshina, V. N. Alyasov, V. P. Maslennikov, G. A.
Abakumov, and Yu. A. Alexandrov, Zh. Obshch. Khim.,
1986, 56, 1684 [J. Gen. Chem. USSR, 1986, 56 (Engl.
Transl.)].

4. M. N. Kuz'mina, Ph. D. Thesis (Chem.), NPI, Nizhnii

Novgorod, 1992 (in Russian).

5.V. A. Logvinenko, Termicheskii analiz koordinatsionnykh
soedinenii i klatratov {Thermoanalysis of Coordination Com-
pounds and Clathrates], Nauka, Novosibirsk, 1982 (in Rus-
sian).

6. E. S. Klimov, E. V. Gassieva, and O. Yu. Okhlobystin, Z.
Obshch. Khim., 1985, 55, 607 |J. Gen. Chem. USSR, 1985,
55 (Engl. Transl.)].

7.Yu. N. Safyanov, L. N. Zakharov, Yu. T. Struchkov, A. V.
Lobanov, V. K. Cherkasov, and G. A. Abakumov, Koord.
Khim., 1989, 15, 1233 [Sov. J. Coord. Chem., 1989, 15
(Engl. Transl.)].

8. T. Funabiki, A. Mizoguchi, T. Sugimoto, S. Tada, M. Tsuji,
H. Sakamoto, and S. Joshida, J. Am. Chem. Soc., 1986, 108,
2921.

9. D. G. Brown, L. Benckmann, and C. H. Ashby, Tetrahedron
Lett., 1977, 1363.

(95 )

Received December 4, 1992




